Abstract We describe the clinical and radiographic characteristics of fungus balls in the bilateral paranasal sinuses. The medical records of 8 of 245 patients with fungus balls of the bilateral paranasal sinuses between 2000 and 2010 were retrospectively reviewed. The incidence of bilateral paranasal sinus fungus balls was 3.3%. Fungus balls were located in the maxillary sinuses bilaterally in 4 cases (50%), followed by the maxillary sinus and contralateral sphenoid sinus in 3 cases (37.5%), and the sphenoid sinuses bilaterally in 1 case (12.5%). There were no predisposing anatomic variations for the occurrence of bilateral paranasal fungus balls. Although the presenting symptoms and signs were non-specific, CT findings were helpful in the diagnosis of bilateral fungus balls. Endonasal removal by an endoscopic approach was performed in all patients. No peri-operative complications or recurrences were noted. Fungus balls in the bilateral paranasal sinuses are most frequently found in the maxillary sinuses bilaterally. Because symptoms of bilateral paranasal fungus balls and findings on nasal endoscopic examination are frequently non-specific, a high index of suspicion is needed and imaging studies, such as CT, are essential to establish the correct pre-operative diagnosis.
Introduction
The fungus ball of the paranasal sinuses is a non-invasive form of fungal sinusitis occurring in immunocompetent hosts [1] . Fungus balls (FBs) are characterized by a mass of inspissated fungal debris and mucus progressively growing into the sinus cavity without invasion of the underlying mucosa [2] . FBs are usually found in only one sinus; FBs are most frequently found in the maxillary sinus [3] . Multiple sinus involvement by FBs has been reported to occur in 6.4% of cases in the largest review of this disease entity [3] . Although FBs can be involved in multiple sinuses, these sinuses are mostly contiguous. Bilateral paranasal sinus involvement is rare [3] [4] [5] , which has not been described in detail.
In this study, we report the largest case series with respect to clinical and radiographic characteristics and treatment outcomes of FBs of the bilateral paranasal sinuses.
Patients and Methods
After obtaining Institutional Review Board (IRB) approval, we identified 245 patients with paranasal sinus FBs who were treated at Chonnam National University Hostpital and Hwasun Hospital between January 2000 and October 2010. Among the 245 patients, 8 had FBs of the bilateral paranasal sinuses and the medical records were reviewed retrospectively. The data collected included medical and surgical histories, presenting symptoms, physical examination findings, radiographic findings, complications, and surgical outcome.
Surgery was performed via an endoscopic approach. When the FBs were localized in the maxillary sinus, a uncinectomy and maxillary antrostomy were performed, and all of the fungal debris was removed. A sphenoidotomy was performed via the transnasal or transethmoidal approach. The fungal materials were removed and sent for pathologic examination, and fungus cultures were performed if necessary. The nasal cavities were packed with Merocel (Medtronic, Jacksonville, FL, USA), which was removed on post-operative day 1.
Results
Eight patients (4 males and 4 females) were included in the study and 16 isolated sinuses were affected. The age of the patients ranged between 42 and 69 years, with a mean of 59.3 years. The underlying diseases included diabetes, hypertension, and lung cancer in 3 patients. The incidence of bilateral paranasal sinus FBs was 3.3%.
Patients presented with a chief complaint of purulent rhinorrhea (75%), nasal obstruction (38%), or headaches (25%). Endoscopic findings of the middle or superior meatus revealed polyps, discharge, or swelling in 9 sides; abnormal findings were not shown in 7 sides. All patients underwent pre-operative computed tomography (CT) of the paranasal sinuses ( The anatomic variations associated with FBs were examined. Septal deviation and concha bullosa were noted in each 3 of 8 patients, but these variations were not related to the development of maxillary FBs. Despite no evidence of endodontic treatment, all five dentulous patients had FBs, which may suggest low probability of the causal relationship between endodontic treatment and FB.
All patients underwent removal of FBs through an endoscopic approach. A middle meatal antrostomy and removal of the hyphal mass was performed in maxillary FBs and a transnasal approach was performed in all patients with sphenoid FBs. Histopathologic examination of the specimens demonstrated Aspergillus species in all cases. Fungal cultures were performed in two cases, but there was no fungal growth. No peri-operative complications were noted, and there were no recurrences during the follow-up, which ranged from 8 to 61 months (mean, 30 months). The involved sinuses and clinical summary are shown in Table 1 .
Discussion
Paranasal sinus fungal infection is an uncommon disease; however, the incidence may be increasing for a number of reasons, including better detection through endoscopic and radiologic evaluation and longer life expectancies [6] . FBs are an extramucosal fungal proliferation usually occurring in immunocompetent individuals as a maxillary sinus involvement caused by Aspergillus species [4]. Because FBs are usually unilateral paranasal sinus lesions, bilateral involvement is rare. In the largest series involving FBs of the paranasal sinuses, 2 of 109 patients (1.8%) had bilateral maxillary sinus involvement [3] . Nicholai et al. [2] and Ferreiro et al. [5] reported 2 of 160 patients (1.25%) and 1 of 29 patients (3.4%) with bilateral paranasal sinuses involvement, respectively. In our study, 8 of 245 patients (3.3%) had bilateral paranasal sinuses involvement.
The pathogenesis of FBs is unknown. A possible contributing factor of FBs may be ostio-meatal complex closure with development of an anaerobic environment that is a favorable condition for fungus growth [3] . However, Tsai et al. [7] reported that maxillary FBs are not associated with ostio-meatal complex obstruction. Another theory is that endodontic treatment with root-filling materials containing zinc oxide-eugenol has been reported to promote the growth of Aspergillus fumigates [8] . However, this theory does not explain the occurrence of FBs in the ethmoid, sphenoid, or frontal sinuses, or in the maxillary sinus in the absence of a history of dental treatment. In review of our cases, anatomic variations, such as septal deviation, concha bullosa, and endodontic treatment were not related to the development of FBs. Symptoms of FBs are non-specific and may be similar to chronic rhinosinusitis. Klosseck et al. [3] reported that nasal obstruction was the most common symptom and Robey et al. [6] reported that the top three symptoms of FBs were headaches, nasal obstruction, and mucus discharge. In agreement with previous reports [3, 6] , purulent rhinorrhea, nasal obstruction, and headaches were the presenting symptoms in this study. On endoscopic examination, identification of gritty or cheesy and fragmented clay-like material was a reliable finding in the diagnosis of FBs, but there were no cases in which fungal material was noted in this study. Instead, non-specific findings, such as polyps and discharge, were noted in 9 of 16 sides with lesions. In our study, endoscopic examination revealed normal findings in 7 of 16 sides with lesions, which makes the diagnosis of bilateral paranasal sinus FBs difficult. Therefore, the diagnosis of bilateral fungal sinus lesions mainly depends on imaging studies, such as CT.
On CT images of FBs, the partial or irregularly calcified lesions, heterogeneous opacities in the paranasal sinus, or partial bone erosions were found frequently [9] . In our study, CT scans showed microcalcifications within the sinus cavity in 11 of 16 involved sinuses (69%), which is similar to the results of a previous report [2] . The calcification patterns of maxillary FBs on CT are different from the calcification patterns of chronic sinusitis with respect to location [10] . The location of the calcifications was central in 95% of maxillary FBs and peripheral near the sinus wall in 81% of cases of non-fungal sinusitis. Punctuate microcalcifications occurred were most frequently in maxillary FBs, and in contrast, smooth marginated calcifications occurred more commonly in maxillary non-fungal sinusitis [10] . Sinus wall sclerosis was one of the common findings and the presence of both calcifications and sinus wall sclerosis was highly suggestive of bilateral maxillary FBs. The CT findings of sphenoid FBs was somewhat different from of the CT findings of maxillary FBs; specifically, sinus wall sclerosis was the most common finding on CT of maxillary FBs. In contrast to maxillary FBs, focal bony erosions appeared to be more common in sphenoid FBs, which may be attributable to expansion of FBs within the relatively small sphenoid sinus cavity.
Histopathologic examination, by assessing the presence of fungal hyphae in the specimens and excluding mucosal invasion, is essential for the diagnosis of FBs [2] . FBs are usually caused by Aspergillus species [4]. In our study, histopathologic examination of FBs with bilateral paranasal sinuses demonstrated Aspergillus species in all cases. Fungal culture is useful to identify fungal species, but failure of the fungus to grow on fungal culture is common. The treatment of choice for FBs of the paranasal sinuses is complete removal of FBs from the involved sinus to reestablish proper ventilation and drainage [11] . The endoscopic approach has been used as the primary treatment for FBs of the paranasal sinuses and has the advantage for easy access to the affected sinus, perfect visualization into the sinus, and low morbidity [1] . Our patients underwent endoscopic treatment and had excellent treatment outcomes without recurrence.
Conclusion
FBs of the bilateral paranasal sinuses are a rare presenting form of paranasal FBs. Because of non-specific symptoms and frequent negative endoscopic findings, a high index of suspicion is required in the diagnosis of bilateral paranasal FBs. To establish the correct pre-operative diagnosis, imaging studies, such as a CT scan, are essential. 
Key Messages
• The incidence of bilateral paranasal sinus fungus balls was 3.3%.
• Fungus balls in the bilateral paranasal sinuses are most frequently found in the maxillary sinuses bilaterally.
• Because symptoms of bilateral paranasal fungus balls and findings on nasal endoscopic examination are frequently non-specific, a high index of suspicion is needed and imaging studies, such as CT, are essential to establish the correct pre-operative diagnosis.
